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(54) Feed forward amplifier 



(57) A feed forward amplifier comprises a main am- 
plifier 10 composed of a plurality of power amplifiers 8 
and 9 combined in parallel. In addition to the plurality of 
power amplifiers, this feed forward amplifier includes a 
distortion detecting amplifier 25 for detecting the distor- 
tion components, having a distortion characteristic in a 



predetermined relationship with the distortion character- 
istic of the main amplifier. It also omits a distortion de- 
tecting power combiner 23 otherwise located after a 
main amplifier 10 and locates a delay circuit 21 before 
the main amplifier 10 to reduce losses occurring after 
the main amplifier 1 0 to improve the efficiency of the en- 
tire feed forward amplifier. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a feed forward 
amplifier used for a base station for mobile communica- 
tion equipment. 

Description of the Related Art 



w 



[0002] In recent years, power amplifiers providing 
higher outputs and better linearity have been required 
for base stations for mobile communication equipment, is 
Despite this demand for high outputs, no power ampli- 
fiers have been developed yet that enable a single de- 
vice to output several hundred W : so a plurality of power 
amplifiers are combined in parallel to meet this demand. 
The linearity has been realized by providing distortion 20 
compensation based on the feed forward method. 
[0003] FIG. 6 shows an example of a configuration of 
a conventional feed forward amplifier. In this figure, 1 is 
an input terminal, 2 is an output terminal, 3 and 6 are 
power dividers, 4 is a distortion canceling power com- 25 
biner, 5 and 1 4 are vector adjusters, 7 is an output power 
combiner, 8 and 9 are power amplifiers, 11 and 13 are 
delay circuits, 1 2 is a distortion detecting power combin- 
er, and 15 is an auxiliary amplifier The power divider 6, 
the output power combiner 7, and the power amplifiers 30 
8 and 9 constitute a main amplifier 10. In addition, ref- 
erences (a) to (j) added to the power divider 3, the dis- 
tortion canceling power combiner 4, and the distortion 
detecting power combiner 12 designate ports. 
[0004] The operation of the feed forward amplifier of 35 
this configuration is described below. 
[0005] First, the power divider 3 divides into two an 
input signal (see FIG. 7(a)) input from the input terminal 

I and containing multi-channel components. One of the 
divided output signals is transferred via the vector ad- -to 
juster 5 to the main amplifier 10. which then amplifies 
this signal. The amplified signal is input to the port (d) 

of the distortion detecting power combiner 12 (see FIG. 
7(b)) Due to non-linearity of the mam amplifier 10. the 
input signal (see FIG. 7(b)) contains not only the input 45 
signal components but also distortion components re- 
sulting from inter-modulation. In addition, the other di- 
vided signal is input to the port (e) ol the distortion de- 
tecting power combiner 1 2 through the delay circuit 11. 
By adjusting the vector adjuster 5 and the delay circuit so 

II so that the input signal components of the signals 
input to the ports (d) and (e) have an equal amplitude 
and opposite phases, a signal consisting of only the dis- 
tortion components due to the canceled input signal 
components (see FIG. 7(c)) is output from the port (g). ss 
[0006] Next, a signal output from the port (f) and con- 
taining both the input signal components and the distor- 
tion components is input to the port (h) of the distortion 



canceling power combiner 4 via the delay circuit 13. In 
addition, the signal with the distortion components out- 
put from the port (g) is transferred via the vector adjuster 
14 to the auxiliary amplifier 1 5. which then amplifies this 
signal. The amplified signal is then input to the port (i) 
of the distortion canceling power combiner 4 By adjust- 
ing the vector adjuster 1 4 and the delay circuit 1 3 so that 
the distortion components of the signals input to the 
ports (h) and (i) have an equal amplitude and opposite 
phases, a signal consisting of only the input signal com- 
ponents due to the canceled distortion components (see 
FIG. 7(d)) is output from the port (j) to the output terminal 
2. 

[0007] FIGS. 7(a) to 7(d) show the frequency spectra 
of the signals at the ports (a), (d), (g), and (j) of FIG. 6. 
[0008] In this configuration, however, the output pow- 
er of the main amplifier 10 decreases due to losses in 
the distortion detecting power combiner 12 and delay 
circuit 13 to reduce the efficiency of the entire feed for- 
ward amplifier. 

BRIEF SUMMARY OF THE INVENTION 

[0009] In view of the conventional problem of reduced 
efficiency, it is an object of this invention to provide an 
efficient feed forward amplifier that can avoid losses in 
the distortion detecting power combiner and delay cir- 
cuit. 

[0010] The first invention of the present invention is a 
feed forward amplifier comprising: 

a first power divider for dividing an input signal into 
two, 

a first delay circuit for delaying one of the output sig- 
nals from the first power divider, 
a main amplifier having one power amplifier or a plu- 
rality of power amplifiers connected in parallel to 
amplify an output signal from said first delay circuit, 
a second power divider for dividing the other output 
signal from said first power divider into two, 
a first vector adjuster for adjusting an amplitude and 
phase of one of output signals from the second pow- 
er divider, 

a distortion detecting amplifier for amplifying an out- 
put signal from the first vector adjuster, 
a second delay circuit for delaying the other output 
signal from the second power divider, 
a distortion delecting power combiner for combining 
an output signal from said distortion detecting am- 
plifier and an output signal from said second delay 
circuit, and for outputting distortion components, 
a second vector adjuster for adjusting an amplitude 
and phase of an output signal from the distortion 
detecting power combiner, and 
a distortion canceling power combiner for canceling 
distortion components from the output signal from 
said main amplifier based on the output signal from 
said second vector adjuster. 
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[0011] The second invention o! the present invention 
is a feed forward amplifier according to the first invention 
comprising an auxiliary amplifier for amplifying the out- 
put signal from said second vector adjuster to output the 
amplified signal to said distortion canceling power com- 
biner, wherein: 

said canceling distortion components from the out- 
put signal from said main amplifier based on the out- 
put signal from said second vector adjuster means 
canseling distortion components from the output 
signal from said main amplifier by using said output 
signal Irom said auxiliary amplifier. 

[0012] The third invention of the present invention is 
a teed forward amplifier comprising: 

a first power divider for dividing an input signal into 
two, 

a lirst delay circuit (or delaying one ol the oulpul sig- 
nals from the first power dividei, 
a second power divider for dividing the other output 
signal from said first power divider into two, 
a first vector adjuster for adjusting an amplitude and 
phase one of output signals from the second power 
divider, 

a distortion detecting amplifier for amplifying an out- 
put signal from the first vector adjuster, 
a second delay circuit for delaying the other output 
signal from the second power divider, 
a distortion detecting power combiner for combining 
an output signal from said distortion detecting am- 
plifier and an output signal from said second delay 
circuit, and for outputting distortion components, 
a second vector adjuster for adjusting an amplitude 
and phase of an output signal from the distortion 
detecting power combiner, 

a third power divider for dividing an output based on 
an output signal from said second vector adjuster 
into N, and 

a main amplifier having ( 1 ) N power amplifiers con- 
nected in parallel to amplify the output signal from 
said first delay circuit and (2) N distortion canceling 
power combiners for canceling distortion compo- 
nents from output signals from said N power ampli- 
fiers by using an output signal from said third power 
divider. 



4 

[0014] The fifth invention of the present invention is a 
feed forward amplifier according to any one of the first 
invention to the fourth invention wherein each type of 
devices used as said power amplifiers and a type of a 
device used as said distortion detecting amplifier are the 
same. 

[0015] The sixth invention of the present invention is 
a feed forward amplifier according to any one of the first 
invention to the fourth invention wherein said distortion 
detecting amplifier has a distortion characteristic rela- 
tive to normalized output power that is substantially the 
same as the distortion characteristic of any of said pow- 
er amplifiers relative to normalized output power. 
[0016] The seventh invention of the present invention 
is a feed forward amplifier according to any one of the 
first invention to the sixth invention wherein substantially 
all output signals output trom said distortion detecting 
amplifier are output to said distortion canceling power 
combiner. 



20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

25 FIG. 1 is a block diagram of a feed forward amplifier 

according to Embodiment 1 of this invention; 
FIGS. 2(a) to 2(g) are frequency spectrum diagrams 
of signals 101 to 107 at each section of Embodiment 
1 of this invention; 

so FIG 3(a) is a graph showing the distortion charac- 
teristic of a distortion detecting amplifier vs. normal- 
ized output power; 

FIG. 3(b) is a graph showing the distortion charac- 
teristic of each power amplifier of a main amplifier 

35 vs. normalized output power; 

FIG. 4 is a block diagram of a feed forward amplifier 
according to Embodiment 2 of this invention; 
FIGS. 5(a) to (h) are frequency spectrum diagrams 
of signals 301 to 308 at each section of Embodiment 

40 2 of this invention; 

FIG . 6 is a block diagram of a conventional feed for- 
ward amplifier; and 

FIGS. 7(a) to 7(d) are frequency spectrum diagrams 
ot signals at ports (a), (d), (g), and (j) ol the conven- 
es tional feed lorward amplifier shown in FIG. 6. 

Description of Symbols 
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[001 3] The fourth invention of the present invention is 
a feed forward amplifier according to the third invention 
comprising an auxiliary amplifier for amplifying the out- 
put signal from said second vector adjuster to output the 
amplified signal to said third power divider, wherein: 

said dividing an output based on an output signal 
from said second vector adjuster into N means di- 
viding said output signal from said auxiliary ampli- 
fier into N 



[0018] 



so 



55 



1 ... Input terminal 

2 ... Output terminal 

3, 6, 22, 31 ... Power divider 

4, 32, 33 ... Distortion canceling power combiner 

5, 14, 24 ... Vector adjuster 
7 ... Output power combiner 
8. 9 ... Power amplifier 

10 ... Main amplifier 
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11 , 13, 21 ... Delay circuit 

12, 23 ... Distortion detecting power combiner 
15 ... Auxiliary amplifier 

25 ... Distortion detecting amplifier 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] This invention is described below with refer- 
ence to the drawings showing its embodiments. 

(Embodiment 1) 

[0020] FIG. 1 is a block diagram of a feed forward am- 
plifier according to Embodiment 1 of this invention. In 
this figure, 1 is an input terminal. 2 is an output terminal, 
3, 6, and 22 are power dividers, 4 is a distortion cance- 
ling power combiner, 7 is an output power combiner, 8 
and 9 are power amplifiers, 1 1 and 21 are delay circuits, 
14 and 24 are vector adjusters, 15 is an auxiliary ampli- 
fier, 23 is a distortion detecting power combiner, and 25 
is a distortion detecting power amplifier. The power di- 
vider 3 is a first power divider, the delay circuit 21 is a 
first delay circuit, the power divider 22 is a second power 
divider, the vector adjuster 24 is a first voctor adjuster, 
and the delay circuit 11 is a second delay circuit. In ad- 
dition, the power divider 6, the output power combiner 
7, and the power amplifiers 8 and 9 constitute a main 
amplifier 10 The power amplifiers 8 and 9 and the dis- 
tortion detecting amplifier 25 each comprise the same 
device. 

[0021] The operation of the feed forward amplifier of 
this configuration is described below with reference to 
the drawings. 

[0022] First, the power divider 3 divides an input sig- 
nal 101 into two. This input signal 101 is input from the 
input terminal 1 and containing multi-channel compo- 
nents. One of the divided output signals is transferred 
via the delay circuit 21 to the main amplifier 10, which 
then amplifies this signal. The amplified signal is input 
to the distortion canceling power combiner 4 (in FIG. 1, 
reference numeral 1 05 designates the signal input to the 
distortion canceling power combiner 4) Due to the non- 
linearity of the mam amplifier 10, the signal 105 contains 
not only the input signal components but also distortion 
components resulting from inter-modulation. In addition, 
the power divider 22 f urther divides the other divided sig- 
nal into two, and one o( the output signals is transfer red 
via the vector adjuster 24 to the distortion detecting am- 
plifier 25, which then amplifies this signal (in FIG. 1 , ref- 
erence numeral 102 designates the signal amplified by 
the distortion detecting amplifier 25). At this point, by 
inputting to the distortion detecting amplifier 25 power 
at the same level as in the power amplifiers 8 and 9 in 
the main amplifier 10, the signal 102 is output that has 
the same frequency spectrum as an output signal 105 
from the main amplifier 10 (but a different power level, 
that is. a different amplitude). The other output signal 



divided by the power divider 22 is transferred via the de- 
lay circuit 11 to the distortion detecting power combiner 
23. which then combines this signal with an output signal 
from the distortion detecting amplifier 25 (in FIG. 1, ref- 
5 erence numeral 103 designates the signal input to the 
distortion detecting power combiner 23). By adjusting 
the vector adjuster 24 and the delay circuit 11 so that 
the input signal components of the signals 102 and 103 
have an equal amplitude and opposite phases, a signal 
10 104 consisting of only the distortion components with 
the input signal components cancellation is output from 
the distortion detecting power combiner 23. 
[0023] FIGS. 2(a) to 2(g) show the frequency spectra 
of the signals at each section. 
15 [0024] Next, the signal output from the distortion de- 
tecting power combiner 23 and consisting of the distor- 
tion components is transferred via the vector adjuster 
14 to the auxiliary amplifier 15, which then amplifies this 
signal. The amplified signal is input to the distortion can- 
20 celing power combiner 4, which then combines this sig- 
nal with an output signal from the main amplifier 10. By 
adjusting the vector adjuster 1 4 and the delay circuit 21 
so that the distortion components of both signals have 
an equal amplitude and opposite phases, a signal con- 
25 sisting of only the input signal components with the dis- 
tortion components cancellation is output from the dis- 
tortion canceling power combiner 4 to the output termi- 
nal 2. 

[0025] Compared to the conventional feed forward 

30 amplifier in FIG 6, the configuration in FIG 1 omits the 
distortion detecting power combiner otherwise located 
after the main amplifier and locates the delay circuit be- 
fore the main amplifier to reduce losses occurring after 
the main amplifier in order to improve the efficiency of 

35 the entire feed forward amplifier. 

[0026] Although Embodiment 1 has been described 
in conjunction with the example in which the main am- 
plifier is configured by combining the two power ampli- 
fiers in parallel, this invention is not limited to this aspect 

■to and the main amplifier may be configured using a single 
power amplifier. In this case, the power divider 6 and the 
output power combiner 7 may be removed. 
[0027] Although Embodiment 1 has been described 
in conjunction with the example in which the main am- 

■ts plifier is configured by combining the two power ampli- 
fiers in parallel, this invention is not limited to this aspect 
and the main amplifier may be configured by combining 
three or more power amplifiers in parallel. In this case, 
the power divider 6 may be adapted to divide the input 

50 signal into the same number as that of the power ampli- 
fiers. 

[0028] In addition, although in Embodiment 1 , the dis- 
tortion detecting amplifier 25 and the power amplifiers 
8 and 9 each comprise the same device, this invention 
55 is not limited to this aspect but similar operations can be 
performed by. for example, configuring the amplifiers in 
such a way that the distortion characteristic of the dis- 
tortion detecting amplifier 25 relative to normalized out- 
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put power (shown in FIG. 3(a)) is the same as the dis- 
tortion cha racteristic of one of the power amplifiers 8 and 
9 relative to normalized output power (shown in FIG. 3 
(b)) and that the output power of the distortion detecting 
amplifier 25 is lower than that of the power amplifiers 8 
or 9. 

(Embodiment 2) 

[0029] FIG. 4 is a block diagram ota feed forward am- 
plifier according to Embodiment 2 of this invention. In 
this figure, the same components as in Embodiment 1 
have the same reference numerals. In addition, 31 is a 
power divider that is a third power divider and 32 and 
33 are distortion canceling powercombiners. The power 
divider 6, the output power combiner 7, the power am- 
plifiers 8 and 9, and the distortion canceling power com- 
biners 32 and 33 constitute the main amplifier 10. The 
power amplifiers 8 and 9 and the distortion detecting 
amplifier 25 each comprise the same device. 
[0030] The operation of the feed forward amplifier of 
this configuration is described below with reference to 
the drawings. 

[0031] Embodiment 2 of this invention is a feed for- 
ward amplifier that cancels the distortion components 
for each power amplifier of the main amplifier. First, the 
power divider 3 divides an input signal 301 into two. This 
input signal 301 is input from the input terminal 1 and 
containing multi-channel components One of the divid- 
ed output signals is transferred via the delay circuit 21 
to the power divider 6, which divides this signal into two 
The power amplifiers 8 and 9 then amplify the divided 
signals, respectively. Due to the non-linearity of each of 
the power amplifiers 8 and 9, the output signal contains 
not only the input signal components but also distortion 
components resulting from inter-modulation (in FIG. 4, 
reference numerals 302 and 305 designate the output 
signals of the power amplifiers 8 and 9, respectively). 
[0032] The other signal divided by the power divider 
3 is processed as in Embodiment 1 , so a signal with only 
the distortion components amplified is output to the aux- 
iliary amplifier 15. The power divider 31 that divides 
power depending on the number of power amplifiers in 
the mam amplitier 10 divides the output signal from the 
auxiliary amplifier 15 into two. The distortion canceling 
power combiner 32 combines one output signal 303 of 
the two output signals divided by the power divider 31 , 
with an oulpul signal 302 (rom the power amplifier 6. 
The distortion canceling power combiner 33 combines 
the other output signal 306 with an output signal 305 
from the power amplifier 9. By adjusting the vector ad- 
juster 14 and the delay circuit 21 so that the distortion 
components of both combined signals have an equal 
amplitude and opposite phases, signals 304 and 307 
consisting of only the input signal components with the 
distortion components cancellation are output from the 
distortion canceling power combiners 32 and 33, re- 
spectively. The output power combiner 7 then combines 



the output signals 304 and 307 from the distortion can- 
celing powercombiners 32 and 33 together and outputs 
to the output terminal 2 a signal 308 consisting of only 
the input signal components. 
5 [0033] FIGS. 5(a) to 5(h) show the frequency spectra 
of the signals at each section. 

[0034] Thus, the configuration in FIG. 4 improves the 
efficiency of the entire feed forward amplifier as in Em- 
bodiment 1 . 

10 [0035] Although Embodiment 2 has been described 
in conjunction with the example in which the main am- 
plifier is configured by combining the two power ampli- 
fiers in parallel, this invention is not limited to this aspect 
and the main amplifier may be configured by combining 

is three or more power amplifiers in parallel. In this case, 
the power divider 6 may be adapted to divide the input 
signal into the same number as that of the power ampli- 
fiers. 

[0036] In addition, although in Embodiment 2. the dis- 
20 tortion detecting amplifier 25 and the power amplifiers 
8 and 9 each comprise the same device( that is, each 
type of devices used as said power amplifiers 8 and 9 
and the type of the device used as said distortion de- 
tecting amplifier 25 are the same ), this invention is not 
25 limited to this aspect but similar operations can be per- 
formed by, for example, configuring the apparatus in 
such a way that the distortion characteristic of the dis- 
tortion detecting amplifier 25 relative to normalized out- 
put power is the same as the distortion characteristic of 
30 one of the power amplifiers 8 and 9 relative to normal- 
ized output power. 

[0037] As is apparent from the above description, in 
addition to the plurality of power amplifiers of the main 
amplifier connected in parallel, this invention includes 

35 the amplifier for detecting the distortion components, 
having a distortion characteristic in a predetermined re- 
lationship with the distortion characteristic of the main 
amplifier This configuration has the advantages of omit- 
ting the distortion detecting power combiner otherwise 

■to located after the main amplifier and locating the delay 
circuit before the main amplifier to reduce losses occur- 
ring after the main amplifier in order to improve the effi- 
ciency of the entire feed forward amplifier. 



Claims 

1. A leed forward amplilier comprising: 

so a first power divider for dividing an input signal 

into two, 

a first delay circuit for delaying one of the output 
signals from the first powor divider, 
a main amplifier having one power amplifier or 
55 a plurality of power amplifiers connected in par- 

allel to amplify an output signal from said first 
delay circuit, 

a second power divider for dividing the other 
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output signal from said first power divider into 
two, 

a first vector adjuster for adjusting an amplitude 
and phase of one of output signals from th e sec- 
ond power divider, 

a distortion detecting amplifier for amplifying an 
output signal from the first vector adjuster, 
a second delay circuit for delaying the other 
output signal from the second power divider, 
a distortion detecting power combiner for com- 
bining an output signal from said distortion de- 
tecting amplifier and an output signal from said 
second delay circuit, and for outputting distor- 
tion components, 

a second vector adjuster for adjusting an am- 
plitude and phase of an output signal from the 
distortion detecting power combiner, and 
a distortion canceling power combiner for can- 
celing distortion components from the output 
signal from said main amplifier based on the 
output signal from said second vector adjuster. 

2. A feed forward amplifier according to claim 1 com- 
prising an auxiliary amplifier for amplifying the out- 
put signal from said second vector adjuster to out- 
put the amplified signal to said distortion canceling 
power combiner, wherein: 

said canceling distortion components from the 
output signal from said main amplifier based on 
the output signal from said second vector ad- 
juster means canseling distortion components 
from the output signal from said main amplifier 
by using said output signal from said auxiliary 
amplifier. 

3. A feed forward amplifier comprising: 

a first power divider for dividing an input signal 
into two, 

a first delay circuit for delaying one of the output 

signals from the first power divider, 

a second power divider for dividing the other 

output signal from said first power divider into 

two, 

a first vector adjuster for adjusting an amplitude 
and phase one of output signals from the sec- 
ond power divider, 

a distortion detecting amplifier for amplifying an 
output signal from the first vector adjuster, 
a second delay circuit for delaying the other 
output signal from the second power divider, 
a distortion detecting power combiner for com- 
bining an output signal from said distortion de- 
tecting amplifier and an output signal from said 
second delay circuit, and for outputting distor- 
tion components, 

a second vector adjuster for adjusting an am- 
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plitude and phase of an output signal from the 
distortion detecting power combiner, 
a third power divider for dividing an output 
based on an output signal from said second 
vector adjuster into N, and 
a main amplifier having (1 ) N power amplifiers 
connected in parallel to amplify the output sig- 
nal from said first delay circuit and (2) N distor- 
tion canceling power combiners for canceling 
distortion components from output signals from 
said N power amplifiers by using an output sig- 
nal from said third power divider. 

A feed forward amplifier according to claim 3 com- 
prising an auxiliary amplifier for amplifying the out- 
put signal from said second vector adjuster to out- 
put the amplified signal to said third power divider, 
wherein: 

said dividing an output based on an output sig- 
nal from said second vector adjuster into N 
means dividing said output signal from said 
auxiliary amplifier into N. 

A feed forward amplifier according to any ono of 
claims 1 lo 4 wherein each type of devices used as 
said power amplifiers and a type of a device used 
as said distortion detecting amplifier are the same. 

A feed forward amplifier according to any one of 
claims 1 to 4 wherein said distortion detecting am- 
plifier has a distortion characteristic relative to nor- 
malized output power that is substantially the same 
as the distortion characteristic of any of said power 
amplifiers relative to normalized output power 

A feed forward amplifier according to any one of 
claims 1 to 6 wherein substantially all output signals 
output from said distortion detecting amplifier are 
output to said distortion canceling power combiner. 
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